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(54) PLANE LOUDSPEAKER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a plane loudspeaker 
equipped with a yoke flat board 10, permanent magnets 12 
fitted to one side of the yoke 10 where the magnets adjacent 
to each other have opposite polarities, a vibrating membrane 
14 where spiral coils are formed on both sides of a base film 
16 in a way that adjacent sides of the adjacent spiral coils 
receive currents in the same direction and a speaker 20 that 
holds the vibrating membrane 14 by a prescribed distance 
from the magnetic pole face of the permanent magnets 12 
that prevents the vibrating membrane 14 from being slacked 
so as to reduce deterioration in the sound quality. 
SOLUTION: A liquid crystal polymer film is used for a base 
film 16 of a vibrating membrane 14. Since the liquid crystal 
polymer film has an excellent size stability against a 
temperature rise and has a considerably lower hygroscopicity 
that that of a conventional resin film, a slack hardly takes 
place in the vibrating membrane using the liquid crystal 
polymer for its base film even for use for a long'time and the 
deterioration in the sound quality can be reduced. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The permanent magnet attached in York (10) which has a plate-like part at least, and this 
York (10) (12), The vibrating membrane formed in one side or both sides of an insulating base film 
(16) so that the field which counters the curled form coil (18) corresponding to said permanent 
magnet (12) with the magnetic pole of said permanent magnet (12) might be surrounded (14), In the 
flat-surface loudspeaker equipped with the attachment component (20) which detaches only a 
predetermined distance and holds this vibrating membrane (14) from York of said permanent magnet 
(12), and the pole face of the opposite side The flat-surface loudspeaker characterized by the base 
film (16) of said vibrating membrane (14) consisting of a liquid crystal polymer film. 
[Claim 2] The flat-surface loudspeaker according to claim 1 characterized by having stuck the buffer 
sheet (30) on York of a permanent magnet (12), and the pole face of the opposite side, and preparing 
an opening (G) between this buffer sheet (30) and vibrating membrane (14). 

[Claim 3] The flat-surface loudspeaker according to claim 1 or 2 characterized by putting a coat (26) 
so that a curled form coil (18) and a base film (10) may be covered to the field in which the curled 
form coil (18) of vibrating membrane (14) is formed. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a thin flat-surface loudspeaker. 
[0002] 

[Description of the Prior Art] A flat-surface loudspeaker like drawing 6 is indicated by the 
international public presentation WO 99/No. 03304 official report In drawing, plate-like York where 10 
consists of a griddle (ferromagnetic metal plate), and 12 are two or more permanent magnets 
attached in one side of York 10 by making a magnetic axis perpendicular. The permanent magnet 12 
is attached so that predetermined spacing may be set in the direction of a flat surface of York 10 and 
a polarity may become opposite into next doors. 

[0003] Moreover, 14 is the vibrating membrane by which only a predetermined distance was detached 
and held from York 10 of a permanent magnet 12, and the pole face of the opposite side. This 
vibrating membrane 14 makes said two or more permanent magnets 12 correspond to both sides (for 
one side to be also good) of the insulating base film 16, and forms two or more curled form coils 18 in 
them. Each curled form coil 18 is formed so that the magnetic pole of a permanent magnet 12 and 
the field which counters may be surrounded, and so that it may flow the adjoining side of an adjacent 
coil in the direction where a current is the same. 

[0004] The circuit pattern of the curled form coil 18 has become like drawing 7 . 18n1 The coil and 
18n2 which were formed in the front face of a base film 16 It is the coil formed in the location where 
the rear face of a base film is the same, coil 18n1 of a front face it forms in a curled form so that it 
may go to the inside by the clockwise rotation from an outside — having — coil 18n2 of a rear face it 
forms in a curled form so that it may go outside by the clockwise rotation from the inside — having - 
- both — coil 18n1 and 18n2 It has flowed through an inner edge in the through hole or through stud 
which penetrates a base film, therefore — both — coil 18n1 and 18n2 The winding direction 
constitutes one clockwise coil 18. 

[0005] Moreover, 18m1 It is said coil 18n1 to the front face of a base film 16. The coil and 18m2 
which were formed so that each other might be adjoined It is said coil 18n2 to the rear face of a base 
film 16. It is the coil formed so that each other might be adjoined, coil 18m2 of a rear face an outer 
edge — the next coil 18n2 it is continuing, and it forms in a curled form so that it may go to the 
inside by the counterclockwise rotation from an outside — having — coil 18m1 of a front face it 
forms in a curled form so that it may go outside by the counterclockwise rotation from the inside — 
having — both — coil 18m1 and 18m2 It has flowed through an inner edge in the through hole or 
through stud which penetrates a base film, therefore — both — as for coil 18m1 and 18m2, the 
winding direction constitutes one counterclockwise coil 18. 

[0006] When two or more curled form coils 18 in such a form are formed in the shape of a picture 
drawn without lifting the brush from the paper, it will flow the adjoining side of the adjacent coils 18 
and 18 in the direction where a current is the same. On the other hand, since each coil 18 is placed 
into the field formed with the permanent magnet 12 with which the polarities which adjoin each other 
mutually differ as shown in drawing 6 , when a current flows in the direction same the adjoining side 
of the adjacent coil 18, vibrating membrane 14 will receive electromagnetic force with the left-hand 
rule of Fleming. In drawing 7 , H is a field formed of the magnetic poles N and S of a permanent 
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magnet 12, and when the current of the direction of an arrow head flows in a coil 18 in this condition, 
the force of the direction of F will occur. For this reason, vibrating membrane 14 vibrates according 
to the speech current which flows in a coil 18. 

[0007] Since the above flat-surface loudspeakers of a type can make thickness thin to about 5- 
15mm, they are suitable for a flat TV, a notebook computer, etc. Moreover, the inclusion to a pillar, a 
sun visor, etc. of an automobile also becomes possible. 
[0008] 

[Problem(s) to be Solved by the Invention] However, the curled form coil occupies the field of the 
great portion of vibrating membrane, and since each coil generates heat with the Joule's heat, the 
flat-surface loudspeaker of the above-mentioned type cannot disregard effect of the heat to the 
base film which is the base material of vibrating membrane. For this reason, it is a polyimide film 
although using a heat-resistant good polyimide film for a base film is proposed. tandelta=0.02 and 
absorption-of-sound nature are low, and when vibrating membrane vibrates, there is a problem of 
being easy to generate a noise. Moreover, since a polyimide film has hygroscopicity, change of the 
tone quality resulting from the slight elongation by moisture absorption is expected. 
[0009] Moreover, using a PET (polyethylene terephthalate) film for a base film is proposed, and it is 
also a PET film. tandelta=0.014 Absorption-of-sound nature is low, and when vibrating membrane 
vibrates, there is a problem of being easy to generate a noise. 

[0010] Moreover, the flat-surface loudspeaker of the above-mentioned type may contact a 
permanent magnet, when vibrating membrane vibrates greatly, and a noise may be generated. This 
problem will become remarkable if looseness occurs in vibrating membrane by generation of heat of 
the coil mentioned above. Although it is well-known to also make elasticity material, such as urethane 
foam and glass wool, intervene between vibrating membrane and a permanent magnet as a means to 
prevent this, making such elasticity material intervene will bar a free vibration of vibrating membrane, 
and it becomes the factor which reduces tone quality. 

[0011] Moreover, although the vibrating membrane in which two or more curled form coils were 
formed to one side or both sides of a base film can be manufactured by the manufacturing 
technology of the usual flexible printed circuit substrate, since a coil vibrates violently in the 
thickness direction in response to electromagnetic force, if the adhesive strength of a base film and a 
coil is not quite strong, in the case of vibrating membrane, there is a possibility that a coil may 
exfoliate from a base film. In order to prevent exfoliation of a coil, it is effective to split-face-ize a 
base film front face, and to heighten the adhesive strength per unit area, or to make the conductor 
width of a coil large, but the former has a limitation, when a thin base film is used for the 
improvement in an oscillation characteristic, and since the latter causes enlargement of a flat- 
surface loudspeaker, it is not desirable. 

[0012] In view of the above troubles, it is hard to generate looseness of vibrating membrane, 
therefore the first purpose of this invention has it in offering a flat-surface loudspeaker with little 
degradation of tone quality. The second purpose of this invention loses the contact sound of vibrating 
membrane and a permanent magnet, and is to offer the flat-surface loudspeaker which moreover 
does not bar a free vibration of vibrating membrane. The third purpose of this invention is to offer a 
reliable flat-surface loudspeaker with few possibilities that the curled form coil of vibrating membrane 
may exfoliate from a base film. 
[0013] 

[Means for Solving the Problem] York where this invention has a plate-like part at least in order to 
attain said first purpose, The vibrating membrane formed in the permanent magnet attached in this 
York, and one side or both sides of an insulating base film so that the field which counters the curled 
form coil corresponding to said permanent magnet with the magnetic pole of said permanent magnet 
might be surrounded, In the flat-surface loudspeaker equipped with the attachment component which 
separates only a predetermined distance from York of said permanent magnet, and the pole face of 
the opposite side, and holds this vibrating membrane, it is characterized by the base film of said 
vibrating membrane consisting of a liquid crystal polymer film. 

[0014] This invention more specifically so that a magnetic axis may become perpendicular at one side 
of the plate-like parts of York which has a plate-like part at least, and this York And so that two or 
more permanent magnets attached so that a polarity might become opposite into next doors, and the 
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field which counters two o^hore curled form coils which are equivaleritto said two or more 
permanent magnets by one side or both sides of an insulating base film with the magnetic pole of said 
permanent magnet may be surrounded And the vibrating membrane formed so that it might flow the 
adjoining side of an adjacent curled form coil in the direction where a current is the same, In the flat- 
surface loudspeaker equipped with the attachment component which only a distance predetermined 
[ York of two or more of said permanent magnets and the pole face of the opposite side to ] 
detaches this vibrating membrane, and is held, it is characterized by constituting the base film of said 
vibrating membrane from a liquid crystal polymer film. 

[0015] a liquid crystal polymer film has the dimensional stability which was excellent to the 
temperature rise, hygroscopicity is markedly alike from the usual resin film, also by prolonged use, it 
is hard to generate looseness and the vibrating membrane which is low (for example, a liquid crystal 
polymer is 0.04% to the polyimide of the rate of hygroscopic swelling being 2.9 %) one, and used this 
as a base film can lessen degradation of tone quality. Moreover, liquid crystal polymer film Since 
tandelta (an internal loss, absorption-of-sound nature) is high, there is also an advantage of being 
hard to generate a noise. 

[0016] Moreover, in order that this invention may attain said second purpose, in the flat-surface 
loudspeaker of the above-mentioned configuration, it sticks a buffer sheet on York of a permanent 
magnet, and the pole face of the opposite side, and is characterized by preparing an opening between 
this buffer sheet and vibrating membrane. If it does in this way, even if vibrating membrane becomes 
the amplitude which a free vibration is not barred and moreover contacts the pole face, it can control 
generating of a contact sound by work of a buffer sheet. 

[0017] Moreover, this invention is characterized by putting a coat so that a curled form coil and a 
base film may be covered to the field in which the curled form coil of vibrating membrane is formed in 
the flat-surface loudspeaker of the above-mentioned configuration in order to attain said third 
purpose. Since a curled form coil will be in the condition of having been pressed down by the base 
film, with a coat if it does in this way, even if it receives an intense vibration, a possibility that a coil 
may exfoliate from a base film decreases. 
[0018] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained to a 
detail with reference to a drawing. 

[Operation gestalt 1] Drawing 1 (A) - (C) shows 1 operation gestalt of this invention. In drawing, 
plate-like York where 10 consists of a griddle etc., and 12 are two or more permanent magnets 
attached in one side of York 10 by making a magnetic axis perpendicular. The permanent magnet 12 
is attached so that predetermined spacing may be set in the direction of a flat surface of York 10 and 
a polarity may become opposite into next doors. 

[0019] Moreover, the vibrating membrane by which 14 comes to form two or more curled form coils 
18 corresponding to said two or more permanent magnets 12 in both sides of a base film 16, and 20 
are frame type spacers (attachment component) which detach only a predetermined distance and 
hold vibrating membrane 14 from the pole face of a permanent magnet 12. Each curled form coil 18 of 
vibrating membrane 14 is formed so that the magnetic pole of the permanent magnet 12 of a base 
film 16 and the field which counters may be surrounded, and so that it may flow the adjoining side of 
the adjacent curled form coil 18 in the direction where a current is the same. It is formed with a 
concrete for example, circuit pattern like drawing 7 . As for a spacer 20, it is desirable to constitute, 
elastic ingredient, for example, chloroprene foam etc., etc. In addition, it is the hole which formed 22 
in York 10 at the input terminal of a coil 18, and formed 24 for the air vent. 

[0020] The description of this flat-surface loudspeaker is that the base film 16 which is the base 
material of vibrating membrane 14 consists of liquid crystal polymer films. Since the liquid crystal 
polymer film is excellent in thermal resistance, the dimensional stability (the coefficient of thermal 
expansion of 1 5-20 ppm/degree C, measurement result of 30 - 1 50 ** by the apparatus for 
thermomechanical analysis) which was excellent even if the curled form coil 18 carried out the 
temperature rise with the Joule's heat is shown, and coefficient of linear expansion is close to 
copper. Furthermore, since hygroscopicity is low (0.04% of water absorption, 23 degrees C, 24H), a 
liquid crystal polymer film is excellent in moisture absorption dimensional stability (rate of moisture 
absorption dimensional change 4 ppm/%RH in 60 degrees C), and even if it carries out long duration 





use, it does not almost have degradation of tone quality. Moreover, theaosorption-of^sound nature 
of a liquid crystal polymer film is also high (tandelta=0.06). It is that and generating of a noise can be 
lessened. 

[0021] As a liquid crystal polymer which constitutes the base film 16 of this flat-surface loudspeaker, 
the copolymerized polyester of the principal chain mold which contains as a principal component, the 
liquid crystal polymer (PHB), for example, Para-hydroxybenzoic acid, of all aromatic polyester 
systems, is desirable. The copoly ester types (trade name: Vectra etc.) of PHB and a 6-oxy — 2- 
naphthoic acid are desirable especially. The chemical structure type of Vectra is as follows. 
[0022] 
[Formula 1] 



[0023] Moreover, as for the base film 16 of this flat-surface loudspeaker, what carried out inflation 
molding of said liquid crystal polymer, and made orientation of a molecule isotropic in the direction of 
a field is desirable. After supplying a gas to that building envelope and making it expand with internal 
pressure, specifically extruding the fused liquid crystal polymer in the shape of a cylinder, forming a 
cylindrical film, and cooling this film, it is good to cut it open along with the direction of extrusion, to 
judge from what was used as the flat film-like film, and to consider as a base film 16. 
[0024] Moreover, although it is also possible to adopt a subtractive process (how to carry out pattern 
etching of the copper-clad laminated film, and form a circuit pattern) as usual in order to form the 
curled form coil 18 on a liquid crystal polymer film, it is desirable to adopt an additive process (base 
film electroless deposition or the approach of forming a circuit pattern according to concomitant use 
of electroless deposition and electrolytic plating). In a subtractive process, the dimensional stability 
of a circuit pattern is low under the effect of side etching, and although it is difficult to make 
variation in the impedance of a coil small, if it is an additive process, since the dimensional stability of 
a circuit pattern is high, the variation in the impedance of a coil can be suppressed smaller. 
[0025] [Operation gestalt 2] Drawing 2 (A) and (B) show other operation gestalten of this invention. 
With this operation gestalt, peripheral wall section 10a and shelf 10b are formed in the perimeter of 
the monotonous section of York 10 at one, and York 10 has become a shallow core box. 
[0026] Moreover, the coat 26 is put on both sides of vibrating membrane 14 so that a base film 16 
(liquid crystal polymer film) and the curled form coil 18 may be covered. This coat 26 presses down 
the curled form coil 18 to a base film 16, and serves to prevent that the curled form coil 18 exfoliates 
from a base film 16 by vibration. As a coat 26, an adhesive property with a liquid crystal polymer film 
is good, and can use the coating which consists of heat-resistant high insulating resin. For example, 
the coating of an alkyd-resin system, the thing which specifically denaturalized with the oil or the 
fatty acid on the basis of the alkyd resin (ester of polybasic acid, such as a phthalic acid, and 
polyhydric alcohol, such as a glycerol) can be used. 

[0027] Moreover, vibrating membrane 14 is held in the periphery by the frame-like attachment 
component 28 which has elasticity. Wave section 28a to carry out adhesion immobilization of the 
inner circumference section at the periphery of vibrating membrane 14, carry out adhesion 
immobilization of the periphery section at shelf 10b of York 10, and for an attachment component 28 
raise elasticity between the inner circumference section and the periphery section is formed. If 
vibrating membrane 14 is held by such attachment component 28, the reflected wave from the edge 
section by vibration of vibrating membrane 14 decreases, and improvement in tone quality can be 
aimed at. 

[0028] Moreover, the buffer sheet 30 is stuck on the pole face of the York 10 and the opposite side 
of a permanent magnet 12, and Opening G is formed between this buffer sheet 30 and vibrating 
membrane 14. If it is made such a configuration, also when there is an opening G, vibration of 
vibrating membrane 14 is not checked, and there is a buffer sheet 30 and vibrating membrane 14 
vibrates greatly to extent in contact with a permanent magnet 12, generating of a contact sound can 
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be controlled. For this reason, improvement in tone quality and controlof a noise can be aimed at. A 
nonwoven fabric, Japanese paper, etc. can be used as a buffer sheet 30. 

[0029] in addition, the input terminal 22 of vibrating membrane 14 obtains that it is good for the 
external terminal 34 attached in the external surface of York 10 through the electric insulating plate 
32, and is electrically connected to it by the conductor 36. As specifically shown in drawing 2 (C), 
through tube 16a is formed in the base film 16 of the part in which the input terminal 22 of vibrating 
membrane 14 was formed, and the patterns 22b and 22c of a front flesh side are combined by 
through hole plating 22d. It is preventing that an input terminal 22 exfoliates from a base film 16 by 
this, moreover, it obtains that it is good, and a conductor 36 pierces through through tube 1 6a, and is 
being fixed with spider 23. Since configurations other than the above are the same as the operation 
gestalt 1, the same sign is given to the same part and explanation is omitted. 
[0030] 

[Example] [Example 1] The liquid crystal polymer film (Kuraray CT) with a thickness of 50 
micrometers, the polyimide film, and the PET film were used for the base film of vibrating membrane, 
and the flat-surface loudspeaker with width of face of 40mm, a die length [ of 140mm ], and a 
thickness of 7mm was made as an experiment. To plate-like York 10 which formed the hole 24 like 
drawing 1 f with the square of 9mm around, the pole face has arranged 24 neodium magnets with a 
thickness of 3mm by arrangement of 2 train x12 line so that a polarity may become opposite into 
next doors. 

[0031] The circuit pattern of vibrating membrane 14 was manufactured with the additive process. 
That is, wet-blasting processing was first performed to the base film as split-face-ized processing. 
Next, punching processing was performed in the location (the through hole section, terminal area) 
used as the double-sided flow section of a base film. Punching processing is performed to a terminal 
area for connecting a double-sided terminal area and raising the peel strength of a terminal area. 
Then, the vibrating membrane which has 20 curled form coils to both sides was manufactured through 
a non-electrolytic copper plating process, plating resist presswork, the electrolytic copper plating 
process, the plating resist removal process, the etching process, and the coat spreading process. The 
impedance between terminals was set as 6 ohms. As shown in drawing 1 , this vibrating membrane 
carried out adhesion immobilization of the spacer 20 which becomes the periphery section of plate- 
like York 10 from chloroprene foam with a thickness of 5mm, and carried out adhesion immobilization 
on that spacer 20. It considered as the structure which keeps constant the distance of vibrating 
membrane 14 and the pole face of a permanent magnet 12 by this. 

[0032] About each flat-surface loudspeaker made as an experiment, the sinusoidal signal of 300 mV 
is added in 20kHz from 20Hz, and the result of having measured sound pressure-frequency 
characteristics is shown in drawing 3 and drawing 4 . Drawing 3 is the test result of the flat-surface 
loudspeaker of this invention which used the liquid crystal polymer film for the base film, and the 
sound pressure property before a carries out a heat cycle test and moisture resistance, and the 
sound pressure property after b carries out both trials are shown. A heat cycle test and moisture 
resistance are in the condition which impressed the white noise of 10W f and followed the conditions 
of automobile specification (JASO (D 001-94)). Both have almost lapped and it turns out that the 
flat-surface loudspeaker of this invention which used the liquid crystal polymer film for the base film 
does not almost have change in a sound pressure property before and behind a trial so that clearly 
from a and b of drawing 3 . 

[0033] Drawing 4 is the test result of the flat-surface loudspeaker which used the polyimide film for 
the base film, and the sound pressure property before c carries out a heat cycle test and moisture 
resistance, and the sound pressure property after d carries out both trials are shown. A sound 
pressure property changes before and after a trial, and, as for the flat-surface loudspeaker which 
used the polyimide film for the base film, the fall of sound pressure is accepted after a trial. The flat- 
surface loudspeaker which used the PET film was also the same result as this. 
[0034] [Example 2] Using three kinds of same base films as an example 1, the laminating of the 
copper foil with a thickness of 18 micrometers was carried out to both sides of each base film, and 
the curled form coil was formed in them with the subtractive process. It was made to flow through 
the through hole section electrically in coppering. The impedance between terminals was also set to 
the same 6 ohms as an example 1. Thus, the flat-surface loudspeaker of the same size as an example 
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1 was made as an experiment using the manufactured vibrating membrane. As a result of measuring a 
sound pressure property about each flat-surface loudspeaker, the almost same property as drawing 3 
was acquired, and the difference of the sound pressure property by the difference in the manufacture 
approach of vibrating membrane was not accepted. However, in the case of the subtractive process, 
compared with the case of an additive process, since the dimensional stability of a curled form coil 
was low, it was easy to generate variation in the impedance between terminals, and it turned out that 
it is difficult to manufacture a 6-ohm thing correctly. 

[0035] [Example 3] The flat-surface loudspeaker which used the liquid crystal polymer film (Kuraray 
CT) with a thickness of 50 micrometers for the base film of vibrating membrane, and the flat-surface 
loudspeaker using an aramid nonwoven fabric reinforcement bridge formation polyester sheet (the 
Toyobo KOSUMO flex time) were made as an experiment. The curled form coil of vibrating membrane 
was formed with the subtractive process. The result of having measured the sound pressure property 
about these flat-surface loudspeakers is shown in drawing 5 . The sound pressure property of the 
flat-surface loudspeaker of this invention that a used the liquid crystal polymer film, and e are the 
sound pressure properties of the flat-surface loudspeaker of the example of a comparison which 
used the aramid nonwoven fabric reinforcement bridge formation polyester sheet. It turns out that 
the flat-surface loudspeaker of this invention is excellent in the sound pressure property of a loud- 
sound field compared with the flat-surface loudspeaker of the example of a comparison. 
[0036] 

[Effect of the Invention] As explained above, by having used the liquid crystal polymer film for the 
base film of vibrating membrane, also under a humid environment, looseness of vibrating membrane is 
hard to be generated, therefore, according to this invention, degradation of tone quality can obtain 
few flat-surface loudspeakers. 

[0037] Moreover, by sticking a buffer sheet on York of a permanent magnet, and the pole face of the 
opposite side, and preparing an opening between this buffer sheet and vibrating membrane, the 
contact sound of vibrating membrane and a permanent magnet can be lost, and the flat-surface 
loudspeaker which moreover does not bar a free vibration of vibrating membrane can be obtained. 
[0038] A reliable flat-surface loudspeaker with few possibilities that a curled form coil may exfoliate 
from a base film can be obtained by furthermore, putting a coat on the surface of vibrating 
membrane, so that a base film and a curled form coil may be covered. 
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TECHNICAL FIELD 

[Field of the Invention] This invention relates to a thin flat-surface loudspeaker. 
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PRIOR ART 

[Description of the Prior Art] A flat-surface loudspeaker like drawing 6 is indicated by the 
international public presentation WO 99/No. 03304 official report In drawing, plate-like York where 10 
consists of a griddle (ferromagnetic metal plate), and 1 2 are two or more permanent magnets 
attached in one side of York 10 by making a magnetic axis perpendicular. The permanent magnet 12 
is attached so that predetermined spacing may be set in the direction of a flat surface of York 10 and 
a polarity may become opposite into next doors. 

[0003] Moreover, 14 is the vibrating membrane by which only a predetermined distance was detached 
and held from York 10 of a permanent magnet 12, and the pole face of the opposite side. This 
vibrating membrane 14 makes said two or more permanent magnets 12 correspond to both sides (for 
one side to be also good) of the insulating base film 16, and forms two or more curled form coils 18 in 
them. Each curled form coil 18 is formed so that the magnetic pole of a permanent magnet 12 and 
the field which counters may be surrounded, and so that it may flow the adjoining side of an adjacent 
coil in the direction where a current is the same. 

[0004] The circuit pattern of the curled form coil 18 has become like drawing 7 . 18n1 The coil and 
18n2 which were formed in the front face of a base film 16 It is the coil formed in the location where 
the rear face of a base film is the same, coil 18n1 of a front face it forms in a curled form so that it 
may go to the inside by the clockwise rotation from an outside — having — coil 18n2 of a rear face it 
forms in a curled form so that it may go outside by the clockwise rotation from the inside — having - 
- both — coil 18n1 and 18n2 It has flowed through an inner edge in the through hole or through stud 
which penetrates a base film, therefore — both — coil 18n1 and 18n2 The winding direction 
constitutes one clockwise coil 18. 

[0005] Moreover, 18m1 It is said coil 18n1 to the front face of a base film 16. The coil and 18m2 
which were formed so that each other might be adjoined It is said coil 18n2 to the rear face of a base 
film 16. It is the coil formed so that each other might be adjoined, coil 18m2 of a rear face an outer 
edge — the next coil 18n2 it is continuing, and it forms in a curled form so that it may go to the 
inside by the counterclockwise rotation from an outside — having — coil 18m1 of a front face it 
forms in a curled form so that it may go outside by the counterclockwise rotation from the inside — 
having — both — coil 18m1 and 18m2 It has flowed through an inner edge in the through hole or 
through stud which penetrates a base film, therefore — both — as for coil 18m1 and 18m2, the 
winding direction constitutes one counterclockwise coil 18. 

[0006] When two or more curled form coils 18 in such a form are formed in the shape of a picture 
drawn without lifting the brush from the paper, it will flow the adjoining side of the adjacent coils 18 
and 18 in the direction where a current is the same. On the other hand, since each coil 18 is placed 
into the field formed with the permanent magnet 12 with which the polarities which adjoin each other 
mutually differ as shown in drawing 6 , when a current flows in the direction same the adjoining side 
of the adjacent coil 18, vibrating membrane 14 will receive electromagnetic force with the left-hand 
rule of Fleming. In drawing 7 , H is a field formed of the magnetic poles N and S of a permanent 
magnet 12, and when the current of the direction of an arrow head flows in a coil 18 in this condition, 
the force of the direction of F will occur. For this reason, vibrating membrane 14 vibrates according ~ 
to the speech current which flows in a coil 18. 

[0007] Since the above flat-surface loudspeakers of a type can make thickness thin to about 5- 



^^^flat TV, a notebook computer, etc. Mon^^^r, 



15mm, they are suitable fo^i flat TV, a notebook computer, etc. Moreover, the inclusion to a pillar, a 
sun visor, etc. of an automobile also becomes possible. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, by having used the liquid crystal polymer film for the 
base film of vibrating membrane, also under a humid environment, looseness of vibrating membrane is 
hard to be generated, therefore, according to this invention, degradation of tone quality can obtain 
few flat-surface loudspeakers. 

[0037] Moreover, by sticking a buffer sheet on York of a permanent magnet, and the pole face of the 
opposite side, and preparing an opening between this buffer sheet and vibrating membrane, the 
contact sound of vibrating membrane and a permanent magnet can be lost, and the flat-surface 
loudspeaker which moreover does not bar a free vibration of vibrating membrane can be obtained. 
[0038] A reliable flat-surface loudspeaker with few possibilities that a curled form coil may exfoliate 
from a base film can be obtained by furthermore, putting a coat on the surface of vibrating 
membrane, so that a base film and a curled form coil may be covered. 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] However, the curled form coil occupies the field of the 
great portion of vibrating membrane, and since each coil generates heat with the Joule's heat, the 
flat-surface loudspeaker of the above-mentioned type cannot disregard effect of the heat to the 
base film which is the base material of vibrating membrane. For this reason, it is a polyimide film 
although using a heat-resistant good polyimide film for a base film is proposed. tandelta=0.02 and 
absorption-of-sound nature are low, and when vibrating membrane vibrates, there is a problem of 
being easy to generate a noise. Moreover, since a polyimide film has hygroscopicity, change of the 
tone quality resulting from the slight elongation by moisture absorption is expected. 
[0009] Moreover, using a PET (polyethylene terephthalate) film for a base film is proposed, and it is 
also a PET film. tandelta=0.014 Absorption-of-sound nature is low, and when vibrating membrane 
vibrates, there is a problem of being easy to generate a noise. 

[0010] Moreover, the flat-surface loudspeaker of the above-mentioned type may contact a 
permanent magnet, when vibrating membrane vibrates greatly, and a noise may be generated. This 
problem will become remarkable if looseness occurs in vibrating membrane by generation of heat of 
the coil mentioned above. Although it is well-known to also make elasticity material, such as urethane 
foam and glass wool, intervene between vibrating membrane and a permanent magnet as a means to 
prevent this, making such elasticity material intervene will bar a free vibration of vibrating membrane, 
and it becomes the factor which reduces tone quality. 

[0011] Moreover, although the vibrating membrane in which two or more curled form coils were 
formed to one side or both sides of a base film can be manufactured by the manufacturing 
technology of the usual flexible printed circuit substrate, since a coil vibrates violently in the 
thickness direction in response to electromagnetic force, if the adhesive strength of a base film and a 
coil is not quite strong, in the case of vibrating membrane, there is a possibility that a coil may 
exfoliate from a base film. In order to prevent exfoliation of a coil, it is effective to split-face-ize a 
base film front face, and to heighten the adhesive strength per unit area, or to make the conductor 
width of a coil large, but the former has a limitation, when a thin base film is used for the 
improvement in an oscillation characteristic, and since the latter causes enlargement of a flat- 
surface loudspeaker, it is not desirable. 

[0012] In view of the above troubles, it is hard to generate looseness of vibrating membrane, 
therefore the first purpose of this invention has it in offering a flat-surface loudspeaker with little 
degradation of tone quality. The second purpose of this invention loses the contact sound of vibrating 
membrane and a permanent magnet, and is to offer the flat-surface loudspeaker which moreover 
does not bar a free vibration of vibrating membrane. The third purpose of this invention is to offer a 
reliable flat-surface loudspeaker with few possibilities that the curled form coil of vibrating membrane 
may exfoliate from a base film. 
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MEANS 



[Means for Solving the Problem] York where this invention has a plate-like part at least in order to 
attain said first purpose, The vibrating membrane formed in the permanent magnet attached in this 
York, and one side or both sides of an insulating base film so that the field which counters the curled 
form coil corresponding to said permanent magnet with the magnetic pole of said permanent magnet 
might be surrounded, In the flat-surface loudspeaker equipped with the attachment component which 
separates only a predetermined distance from York of said permanent magnet, and the pole face of 
the opposite side, and holds this vibrating membrane, it is characterized by the base film of said 
vibrating membrane consisting of a liquid crystal polymer film. 

[0014] This invention more specifically so that a magnetic axis may become perpendicular at one side 
of the plate-like parts of York which has a plate-like part at least, and this York And so that two or 
more permanent magnets attached so that a polarity might become opposite into next doors, and the 
field which counters two or more curled form coils which are equivalent to said two or more 
permanent magnets by one side or both sides of an insulating base film with the magnetic pole of said 
permanent magnet may be surrounded And the vibrating membrane formed so that it might flow the 
adjoining side of an adjacent curled form coil in the direction where a current is the same, In the flat- 
surface loudspeaker equipped with the attachment component which only a distance predetermined 
[ York of two or more of said permanent magnets and the pole face of the opposite side to ] 
detaches this vibrating membrane, and is held, it is characterized by constituting the base film of said 
vibrating membrane from a liquid crystal polymer film. 

[0015] a liquid crystal polymer film has the dimensional stability which was excellent to the 
temperature rise, hygroscopicity is markedly alike from the usual resin film, also by prolonged use, it 
is hard to generate looseness and the vibrating membrane which is low (for example, a liquid crystal 
polymer is 0.04% to the polyimide of the rate of hygroscopic swelling being 2.9 %) one, and used this 
as a base film can lessen degradation of tone quality. Moreover, liquid crystal polymer film Since 
tandelta (an internal loss, absorption-of-sound nature) is high, there is also an advantage of being 
hard to generate a noise. 

[0016] Moreover, in order that this invention may attain said second purpose, in the flat-surface 
loudspeaker of the above-mentioned configuration, it sticks a buffer sheet on York of a permanent 
magnet, and the pole face of the opposite side, and is characterized by preparing an opening between 
this buffer sheet and vibrating membrane. If it does in this way, even if vibrating membrane becomes 
the amplitude which a free vibration is not barred and moreover contacts the pole face, it can control 
generating of a contact sound by work of a buffer sheet 

[0017] Moreover, this invention is characterized by putting a coat so that a curled form coil and a 
base film may be covered to the field in which the curled form coil of vibrating membrane is formed in 
the flat-surface loudspeaker of the above-mentioned configuration in order to attain said third 
purpose. Since a curled form coil will be in the condition of having been pressed down by the base 
film, with a coat if it does in this way, even if it receives an intense vibration, a possibility that a coil 
may exfoliate from a base film decreases. 
[0018] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained to a 
detail with reference to a drawing. 



I 



[Operation gestalt 1] Drawing 1 (A) - (C) shows 1 operation gestalt of this invention. In drawing, 
plate-like York where 10 consists of a griddle etc., and 12 are two or more permanent magnets 
attached in one side of York 10 by making a magnetic axis perpendicular. The permanent magnet 12 
is attached so that predetermined spacing may be set in the direction of a flat surface of York 10 and 
a polarity may become opposite into next doors. 

[0019] Moreover, the vibrating membrane by which 14 comes to form two or more curled form coils 
18 corresponding to said two or more permanent magnets 12 in both sides of a base film 16, and 20 
are frame type spacers (attachment component) which detach only a predetermined distance and 
hold vibrating membrane 14 from the pole face of a permanent magnet 12. Each curled form coil 18 of 
vibrating membrane 14 is formed so that the magnetic pole of the permanent magnet 12 of a base 
film 16 and the field which counters may be surrounded, and so that it may flow the adjoining side of 
the adjacent curled form coil 18 in the direction where a current is the same. It is formed with a 
concrete for example, circuit pattern like drawing 7 . As for a spacer 20, it is desirable to constitute, 
elastic ingredient, for example, chloroprene foam etc., etc. In addition, it is the hole which formed 22 
in York 10 at the input terminal of a coil 18, and formed 24 for the air vent 

[0020] The description of this flat-surface loudspeaker is that the base film 16 which is the base 
material of vibrating membrane 14 consists of liquid crystal polymer films. Since the liquid crystal 
polymer film is excellent in thermal resistance, the dimensional stability (the coefficient of thermal 
expansion of 15-20 ppm/degree C, measurement result of 30 - 150 ** by the apparatus for 
thermomechanical analysis) which was excellent even if the curled form coil 18 carried out the 
temperature rise with the Joule's heat is shown, and coefficient of linear expansion is close to 
copper. Furthermore, since hygroscopicity is low (0.04% of water absorption, 23 degrees C, 24H), a 
liquid crystal polymer film is excellent in moisture absorption dimensional stability (rate of moisture 
absorption dimensional change 4 ppm/%RH in 60 degrees C), and even if it carries out long duration 
use, it does not almost have degradation of tone quality. Moreover, the absorption— of-sound nature 
of a liquid crystal polymer film is also high (tandelta=0.Q6). It is that and generating of a noise can be 
lessened. 

[0021] As a liquid crystal polymer which constitutes the base film 16 of this flat-surface loudspeaker, 
the copolymerized polyester of the principal chain mold which contains as a principal component, the 
liquid crystal polymer (PHB), for example, Para-hydroxybenzoic acid, of all aromatic polyester 
systems, is desirable. The copoly ester types (trade name: Vectra etc.) of PHB and a 6-oxy — 2- 
naphthoic acid are desirable especially. The chemical structure type of Vectra is as follows. 
[0022] 
[Formula 1] 



/ 0\ 
n 

x— 



f ON 



II 



[0023] Moreover, as for the base film 16 of this flat-surface loudspeaker, what carried out inflation 
molding of said liquid crystal polymer, and made orientation of a molecule isotropic in the direction of 
a field is desirable. After supplying a gas to that building envelope and making it expand with internal 
pressure, specifically extruding the fused liquid crystal polymer in the shape of a cylinder, forming a 
cylindrical film, and cooling this film, it is good to cut it open along with the direction of extrusion, to 
judge from what was used as the flat film-like film, and to consider as a base film 16. 
[0024] Moreover, although it is also possible to adopt a subtractive process (how to carry out pattern 
etching of the copper-clad laminated film, and form a circuit pattern) as usual in order to form the 
curled form coil 18 on a liquid crystal polymer film, it is desirable to adopt an additive process (base 
film electroless deposition or the approach of forming a circuit pattern according to concomitant use 
of electroless deposition and electrolytic plating). In a subtractive process, the dimensional stability 
of a circuit pattern is low under the effect of side etching, and although it is difficult to make 
variation in the impedance of a coil small, if it is an additive process, since the dimensional stability of 
a circuit pattern is high, the variation in the impedance of a coil can be suppressed smaller. 



[0025] [Operation gestalt^j j Drawing 2 (A) and (B) show other operation gestalten of this invention. 
With this operation gestalt, peripheral wall section 10a and shelf 10b are formed in the perimeter of 
the monotonous section of York 10 at one, and York 10 has become a shallow core box. 
[0026] Moreover, the coat 26 is put on both sides of vibrating membrane 14 so that a base film 16 
(liquid crystal polymer film) and the curled form coil 18 may be covered. This coat 26 presses down 
the curled form coil 18 to a base film 16, and serves to prevent that the curled form coil 18 exfoliates 
from a base film 16 by vibration. As a coat 26, an adhesive property with a liquid crystal polymer film 
is good, and can use the coating which consists of heat-resistant high insulating resin. For example, 
the coating of an alkyd-resin system, the thing which specifically denaturalized with the oil or the 
fatty acid on the basis of the alkyd resin (ester of polybasic acid, such as a phthalic acid, and 
polyhydric alcohol, such as a glycerol) can be used. 

[0027] Moreover, vibrating membrane 14 is held in the periphery by the frame-like attachment 
component 28 which has elasticity. Wave sectjon 28a to carry out adhesion immobilization of the 
inner circumference section at the periphery of vibrating membrane 14, carry out adhesion 
immobilization of the periphery section at shelf 10b of York 10, and for an attachment component 28 
raise elasticity between the inner circumference section and the periphery section is formed. If 
vibrating membrane 14 is held by such attachment component 28, the reflected wave from the edge 
section by vibration of vibrating membrane 14 decreases, and improvement in tone quality can be 
aimed at. 

[0028] Moreover, the buffer sheet 30 is stuck on the pole face of the York 10 and the opposite side 
of a permanent magnet 12, and Opening G is formed between this buffer sheet 30 and vibrating 
membrane 14. If it is made such a configuration, also when there is an opening G, vibration of 
vibrating membrane 14 is not checked, and there is a buffer sheet 30 and vibrating membrane 14 
vibrates greatly to extent in contact with a permanent magnet 12, generating of a contact sound can 
be controlled. For this reason, improvement in tone quality and control of a noise can be aimed at. A 
nonwoven fabric, Japanese paper, etc. can be used as a buffer sheet 30. 

[0029] in addition, the input terminal 22 of vibrating membrane 14 obtains that it is good for the 
external terminal 34 attached in the external surface of York 10 through the electric insulating plate 
32, and is electrically connected to it by the conductor 36. As specifically shown in drawing 2 (C), 
through tube 16a is formed in the base film 16 of the part in which the input terminal 22 of vibrating 
membrane 14 was formed, and the patterns 22b and 22c of a front flesh side are combined by 
through hole plating 22d. It is preventing that an input terminal 22 exfoliates from a base film 16 by 
this, moreover, it obtains that it is good, and a conductor 36 pierces through through tube 16a, and is 
being fixed with solder 23. Since configurations other than the above are the same as the operation 
gestalt 1, the same sign is given to the same part and explanation is omitted. 
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EXAMPLE 



[Example] [Example 1] The liquid crystal polymer film (Kuraray CT) with a thickness of 50 
micrometers, the polyimide film, and the PET film were used for the base film of vibrating membrane, 
and the flat-surface loudspeaker with width of face of 40mm, a die length [ of 140mm ], and a 
thickness of 7mm was made as an experiment To plate-like York 10 which formed the hole 24 like 
drawing 1 , with the square of 9mm around, the pole face has arranged 24 neodium magnets with a 
thickness of 3mm by arrangement of 2 train x12 line so that a polarity may become opposite into 
next doors. 

[0031] The circuit pattern of vibrating membrane 14 was manufactured with the additive process. 
That is, wet-blasting processing was first performed to the base film as split-face-ized processing. 
Next, punching processing was performed in the location (the through hole section, terminal area) 
used as the double-sided flow section of a base film. Punching processing is performed to a terminal 
area for connecting a double-sided terminal area and raising the peel strength of a terminal area. 
Then, the vibrating membrane which has 20 curled form coils to both sides was manufactured through 
a non-electrolytic copper plating process, plating resist presswork, the electrolytic copper plating 
process, the plating resist removal process, the etching process, and the coat spreading process. The 
impedance between terminals was set as 6 ohms. As shown in drawing 1 , this vibrating membrane 
carried out adhesion immobilization of the spacer 20 which becomes the periphery section of plate- 
like York 10 from chloroprene foam with a thickness of 5mm, and carried out adhesion immobilization 
on that spacer 20. It considered as the structure which keeps constant the distance of vibrating 
membrane 14 and the pole face of a permanent magnet 12 by this. 

[0032] About each flat-surface loudspeaker made as an experiment, the sinusoidal signal of 300 mV 
is added in 20kHz from 20Hz, and the result of having measured sound pressure-frequency 
characteristics is shown in drawing 3 and drawing 4 . Drawing 3 is the test result of the flat-surface 
loudspeaker of this invention which used the liquid crystal polymer film for the base film, and the 
sound pressure property before a carries out a heat cycle test and moisture resistance, and the 
sound pressure property after b carries out both trials are shown. A heat cycle test and moisture 
resistance are in the condition which impressed the white noise of 10W, and followed the conditions 
of automobile specification (JASO (D 001-94)). Both have almost lapped and it turns out that the 
flat-surface loudspeaker of this invention which used the liquid crystal polymer film for the base film 
does not almost have change in a sound pressure property before and behind a trial so that clearly 
from a and b of drawing 3 . 

[0033] Drawing 4 is the test result of the flat-surface loudspeaker which used the polyimide film for 
the base film, and the sound pressure property before c carries out a heat cycle test and moisture 
resistance, and the sound pressure property after d carries out both trials are shown. A sound 
pressure property changes before and after a trial, and, as for the flat-surface loudspeaker which 
used the polyimide film for the base film, the fall of sound pressure is accepted after a trial. The flat- 
surface loudspeaker which used the PET film was also the same result as this. 
[0034] [Example 2] Using three kinds of same base films as an example 1, the laminating of the 
copper foil with a thickness of 18 micrometers was carried out to both sides of each base film, and 
the curled form coil was formed in them with the subtractive process. It was made to flow through 
the through hole section electrically in coppering. The impedance between terminals was also set to 



the same 6 ohms as an example 1. Thus, the flat-surface loudspeaker dF the same size as an example 
1 was made as an experiment using the manufactured vibrating membrane. As a result of measuring a 
sound pressure property about each flat-surface loudspeaker, the almost same property as drawing 3 
was acquired, and the difference of the sound pressure property by the difference in the manufacture 
approach of vibrating membrane was not accepted. However, in the case of the subtractive process, 
compared with the case of an additive process, since the dimensional stability of a curled form coil 
was low, it was easy to generate variation in the impedance between terminals, and it turned out that 
it is difficult to manufacture a 6-ohm thing correctly. 

[0035] [Example 3] The flat-surface loudspeaker which used the liquid crystal polymer film (Kuraray 
CT) with a thickness of 50 micrometers for the base film of vibrating membrane, and the flat-surface 
loudspeaker using an aramid nonwoven fabric reinforcement bridge formation polyester sheet (the 
Toyobo KOSUMO flex time) were made as an experiment. The curled form coil of vibrating membrane 
was formed with the subtractive process. The result of having measured the sound pressure property 
about these flat-surface loudspeakers is shown in drawing 5 . The sound pressure property of the 
flat-surface loudspeaker of this invention that a used the liquid crystal polymer film, and e are the 
sound pressure properties of the flat-surface loudspeaker of the example of a comparison which 
used the aramid nonwoven fabric reinforcement bridge formation polyester sheet. It turns out that 
the flat-surface loudspeaker of this invention is excellent in the sound pressure property of a loud- 
sound field compared with the flat-surface loudspeaker of the example of a comparison. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] (A) is the cross-sectional view [ in / a top view and (B), and / in (C) / the C-C line of 
(B) ] showing 1 operation gestalt of the flat-surface loudspeaker concerning this invention. [ drawing 
of longitudinal section ] 

[Drawing 2] For a top view and (B), drawing of longitudinal section and (C) are [ (A) which shows 
other same operation gestalten ] the enlarged drawing of the C section in (B). 

[Drawing 3] The graph which shows the temperature of the flat-surface loudspeaker of this invention, 
and the sound pressure property of moisture resistance before and the back. 

[Drawing 4] The graph which shows the temperature of the flat-surface loudspeaker of the example 

of a comparison, and the sound pressure property of moisture resistance before and the back. 

[Drawing 5] The graph which shows the sound pressure property of the flat-surface loudspeaker of 

this invention, and the flat-surface loudspeaker of other examples of a comparison. 

[Drawing 6] Drawing of longitudinal section showing the principle of operation of a flat-surface 

loudspeaker. 

[Drawing 7] The explanatory view showing the circuit pattern of the curled form coil of the vibrating 
membrane of a flat-surface loudspeaker. 
[Description of Notations] 
10: York 

1 2: Permanent magnet 

14: Vibrating membrane 

16: Base film 

18: Curled form coil 

20: Spacer (attachment component) 

22: Input terminal 

24: Hole 

26: Insulating coat 

28: Attachment component 

30: Buffer sheet 
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DRAWINGS 



[Drawing 1] 
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[Drawing 2] 




[Drawing 5] 
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2 

jSj = ^/H8 ni . 18 n 2 fi^H^fi^tfSfr 1 ?©— O 
© 3 /H8 %mj& L T ^ So 

[0 0 0 5] ifcl8 mi J±^— ^7^/UA16C0S®f-fT 
|S'3-</H8ni <fc 5 K^j£$ftfc=W;K 18 

m 2 l4-i-^7^/UAl6(OXE(-m)fa='-l'/W8n2 i:P 
9^5 <fc 5lC^/££ftfc3^A'-C-fcS„ II©3^M8 

ft, SI©=>fM8mi l±KI*H-**3 9-Crt«l*»fe^fl9 
io ~4t< <fc 5.{C}^##^C^^tl, ffia-f /H8mi , 18 
m 2 ©rt*l±^—:* 7^ *—/UX 

18mi , 18m2»4^lel*[6l^SB#tf4^ , ?«0-o(7)3^ 
/H8Sr«fi£LT^5, 
[0 0 0 6] C*J:5*jeifU[»«)ilH*#*fe=iVA'184' 

iaKl±«fltiSS^Ii:*l6lfc«*b5wi:{c/j:5. — *. 

-< /H8I4EI 6 l£7jH-«fc 9 fcZ^MW 9 5 fiftfecDgfc 5 

tK^^ 12 (c J; o TffM £ 5 * i£B T^ix 5 « T\ 

20 B<9£-5 =-YA'i8«)B«iaKisii:*iPi^ma£iflsii»t5 

ir, Sti!iBli4H:7U5>'^©fe*oife»JlcJ:.5««^Sr 
/M8fcfcRl*|6j©«aE#«ft5i:» F*l6KO**S38^-f 

[0 0 0 7] «±(Oj;^^^-r7°W^®^t' , -^(±, 
$£5~15iDmgglC?$< fi«M*^ V t" 

[0 0 0 8] 

= -Y/Uy55 t Si6T*5'5. 'S-a-Y/v-^^a.-— /U-lft-e^-rs 
575^ iKD'f 5 K7-</WA|4 tan 6 =0.02^^*^5^ 

[0 0 0 9] ifc^— /I'AtC, pet (jtfy^- 
uyfi'7^1/- h) 7^/wASrffiffl-r5it fcfi^£ 

ttTV^S*^ PET7^VWAt, tan5 =0.014 tgi^t* 
[0 0 10] ^fciia^-TT'ro^ffi^t 0 -*!!, UWiWk 




3 

x-hziiK z<r>i. o tmmttzfr&z-tz z t «, mn 

[0 0 1 l] ifc^-X7^/uA©)riXI±WIIc«i: 

fcStf* M#l4^Si^4ft±<ofcfe^^-*7wvwA 
[0012] aioi 5 ftHMAictt*, 

^^mxt'-XZfefc-tZztichZ. &ftW<nf£E.<D 
[0 0 131 

<^T, BtffSSfij^co^ — ^ 7 w /wa^sj^^tK y "v — 7 -i 

A'^xvttzzk&ftmk-rzhox'hz. 

[0014] i.*) AflEW«cf±**Wtt, £ t¥« 
Blc, *tt*sSitlc/j:5J:5te, *»o»R±-c«tt*ss 

««4:#l&J-t-5fH««rffltfJ:5«!:. 

Lfc«IMI£, ^cogKjjg|£ v ffliB&&<P7kAB£&cD3 

JH©^-;* y 4 /UASrfK^df y — 7 -< sum, xmfc L fc 
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Z k&tfc&h-tZhcoX&Zo 

[0 0 15] -7-7^;^^ ffi£±|?.»£*t L 

9 %X-fc-5(O{C*tLfKfB#y^-tt0.04%-C'fo-5) CO 
T% CtiSr-i-^-r/Kki LX&mLltffiShmtiMM 

£'>#<-C£5 0 £fc?&Pa#y tan 6 

[0016] «ri2jii-oaw*ariSi-5 
h twmm<omz.^m.^m»itz t z&mt-rz 

[0 0 17] £fc#*9itt:, i»1EJ&H©Btt**/iM-S 
tf^-* 7 4 sum. 5 J: 5 Lfcr i: 

[0 0 18] 

&mLxmm\zmwTz>o 
30 cnjg^ffii] mi (a) ~ (o tt*&w<o-mffi& 

12143-^ iow>r®(c^tt^Sii:fcu-c^t? ftiT 

[0 0 19] *fcl4tt-<— ^^-f/UAiecOSSICHuE^ 
fi6L,T<c5«lbit, 20{4«ttill44r*^«512©lKttB 

40 mtw).-c«>«. isiWBii4o«.jft##*t3></n8Ht, -< 

— x y j /wAi6co*^5i2co^ffii:*r[S]-r^i$SrH 
KMjL\i®7<DS:it£$ms<fi-i/-t?j&tfi£tix^Z> 0 
cOA75ffl^> 24143 -^10»CSftft#©fc»lCJgj«bfc 

[0020] z<nw-mxt°-*nwmt. mmmmm 

so ^t^feS^— xy ■{ /V-M.16fcmgk#V "7 — 7-f/UAfi 
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(4) 



~20ppm/t, JR«*#*r3&IIte.fc530~150 "CO« 

y /UAiiiRMit^^^ (®7K^o.04%, 23'C > 

24H) r&a>g>. RB-*&££ttlc-*-Ch, (&TCK.tsV 

z>wm-*mmtm4 PP m/%RH) , wraffflit^ 

K^tttffi^(tan5 =0.06) ©t. *t#e>3§££'>& < 

[00 2 1] ~ (D^PST, f— #<7)-<— 7*? J >\sJ*\tt% 
&-rzm&tfV^-t LTHU y ^7 tvuJS 

© y - , «ittf/<7-tKti* ( p 

HB) L-C£tf±«®©#*<&# y^77vu 

##*L<r\, ff{ ) PHBt6-t^v'-2-t7hi 

*U\ h 7 ©^k*«Jga:H:lfc©i:*i *)■<?*> s. 
10 0 2 2] 

[Yk 1 1 

/ ON / 



0 s ! 
II 



c— 



[0 0 2 3] 4fc, rW^Fffi^b*— y&Wi— 7 7-* 

ttfctt, @»LfcfS B 3 a ^y-7-^RfS«(c:JfL.UiLTn 

«. »m*I^K:'»oT«lBIUT, ffi«7^uiiLfc 
[0 0 2 4] y-e- 7 /U^±»C}|&##^=i 

f>'\ T7-fXW7*i£ (^-7 7^/u-.M£*sma¥;' < 7= 3 H£ 

<t 9 xte*gm#M ^ * t «$m y *<Dffim k. j; t> gam/-? 

^7 7*£/h£<^5~ trissit-c-fcsas, 77^7-f 
= ><VK*M y V7<zv<77=*-£ J; 9 < 
[0 0 2 5] CHiS^ffi2) 132 (A) , (B) |4*« 

w©te©UEtt»«ss:*r. ^osmmtt-ctt. 3-710 

©¥«g|5©Jf fflicjsisgpioa irfflBgpi0b*s-«:(c^$ 

ft, 3-^10^S^I,^Sl-^oTV^ 0 



[0 0 2 6] £fcg®!l8ll4©iiSiffilCIS, ^-^7-//PA 
16 (iRfH^y-^-^-c/UA) &tf^##c^/U18£a 

Jcio-Cja^^^a^/HS^^— ^7^/UA16A»ibfilfSt 
1-5©«rfiih-*-3«*«r-*-a. Bclgl26£ LTIi, 

[002 7] 4 fcfitt«14tt-t OHia»«:*ttSr^-^5 

28ii, rtJia5*s^i()«i4ojiiagi5icg«@^$n, n-m 

5t>©-c*fo5„ ;:roJ:5fc{iM$gB#28i££oTgiSJgi4 

20 *tR*S/>/£</«c9, *9t«>ft|±frBI&:2 

[0 0 2 8] *fc*4U8P512© % a — *1O£R#0K>W! 
ffiBtCli, *Mh>—h30j&s« fcix. r«7)^»->- 
hSOirSEb^HcrBlt-^ESG^lT^tLTi/^, r<DJ; 
5.<C«rit»CLT*s< b, S«tG*s*>5^tfcJ:9fi«i« 

^ £ let 9 «»Hi4as*^tt5i2K:Stt-f5S£fc: 

Sf->- h30i LT'tt^»*-^Ri«4:^Sr«[ffli-5w bit 

[0 0 2 9] t£tS. SKl«14COA73*gT-22l4, 3-^10 
<0*fl5fc»6*K32&fl- 9 f+(7 ?>ixfc^gSffi^34 

Wfc»4H2 (C) fC^-f-J; 9 «£, Sidlf 14»A75ffi^22 

Ufc^<o-<— 7.7 w/w*i6(cm;ii?Li6a 
^$^XT*5 9 , ^K©^°^ — >22b, 22c#7/P— 
fr* 7#22dt?jg-g-$tlTV>5o m»C«t 9A73ffi^-22 

fc^Ti 9^*36liKii?Ll6a ?rK#, *BB23X-@fe^tL 
40 T^5„ ±Cei^.©«j«<4|61fiJBI8 1 irISIDT'feS© 

T% lRl-Si5^fcttKI-ff#S:f+LT»MS:4Sl&-f5. 
[0 0 3 0] 

[hm^j] tmmmi) iftiw<-^7 ^ /waic, /? 

£50/imCD?£iB#y -v— 7^/U^ (77l^CT) ,.#y 
-f 5 K7-f/U-A, PET7^/Pi».5rffl^r, *M40mm, 5 
$ 140mm , 7mm©^B7 b°— ^SrKf^Ufco ll« 

<fc ^ »C^24Sr^ 3 -7 10IC, m&m* 9 

mraEg7j©IE7J^T*Jf:$ 3mm(04^> ? l7A^Sr, 2?lJX 

50 ILfc, 




7 

[0031] m®m4<Dmm.s<?->>teT7 : -<7-j7'm 

fT3©tt. PB©ffi^&£ig&LTffi^l5©i<l«t3£££ 
i#i T*fc5„ *:©1£, it««> y+II, 

[0 0 3 2] f*f^Lfc«-¥S^t 0 -*lco^-C, 20Hz 
7i^20kHztD^fflT'300 mVWIEKiRfff ?rJDt> W 

X£TOoLfcft«ST\ (JASO (DO 

0 1-9 4) ) ©&#f£tgofc c EI3©a t bfrhWh 

A'AIC&H,* !J-7-7-f /WASr^fll Lfc;*38l!ll©¥B* 
[0 0 3 3] EHIS^— *7-f/l'.M;:zKy 5 K7^/> 

7^/UAid3Ky^ 5 K7wvwA£<£/8Lfc s FB*t°-;(7 

[00 3 4] CH»J2) HJfi^l ilnlCSa^co^- 

^7-r/p^Srffiv\ ^7-c/^©jiBicw:$i8M 

m©lfO?g£ffi;iLT > IfT'h 7 

L feu ^/P— *— /i^W±»^ s/^-CSm 

"Clfeffifll 1 i B tf-W X©¥B* f-TJ fcttfls Lfc. # 
¥ffi*tr-#fco^T*ffi1^«rW£Lfci|&*, EJ3£ 

ft 3 -Y ^©^tfeSStfeiSffi^fc ft , «mS]© W > t°- ^ 
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[00 3 5] CHi60ij3) SiflJSIW^-^^/UAlC, 
i¥$50 / /m©jfoF B #!J-7-7^A'A (^ylxCT) Srfll 
nfc¥E* tf-* t . 7 7 $ y K5F«*»»95«jK y a: 

xtr-*Sr9tf^Lfc. SttttWiR^^tta-f/mf-yb 

ot, *-c«EWtt«r«j£ Lfc^*^u 5 f^-r. a tejfog, 

eli77;y K7IS*iffi%&ffi !J 3i 7 x /u -> 

So 

[0 0 3 6] 

I3B9KD3&*] «±KWLfcJ:5tc*«W»ciixtf. fi 

[0037] £ttbM&<D3—tr tmMW<Dmmm\z 

[0 0 3 8] §e5}cgiftg|©itffi{£ % K-^7-f^AS 
Iia®©tBf*/j:tftW] 

inn ^bj(c#5¥®^ v-xo-mmwmtt 

-f, (A) ttJPBH,- (B) ttttffiBBI. (C) (4 
(B) ©C-C^ic4b-l75«»fBElo 

[in 2] mc<m<ommwm^-r. (a> «¥® 

B. (B) tt£0nBBI. (C) ft (B) ^©CSl5©&7< 
0. 

[Ei 3] ^e^wspB^f-TJ©, a**vma«* 
40 4 ?frnm<nffib&(D%m¥f&&7j<-fy7y <> 
[El 4] it!£0<J©¥B;* £•-;&©, 

[05] #3B0I©¥ffi*fcr-#i:, te©Jttfc^J©¥B 

[Ei 6] sFB^tr->©ttf^jsa**-t-«WBia. 

[El 7] ViH^tf-* a-f/KOBB 

[ff*ORW] 

10 : 3 — ^ 
so 12 : 
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14 : MW>m 

16 : ^-7 7^/^ 

18 : 

20 : * -t-lf- 
22 : ATjiS^ 



(6) 



70 



24 : 5t 

26 : jf&^&®l 

28 : warn* 

30 : WlWs- V 



14 (A) 
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.20 
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33 



[B2] 



14 18 26 



10 
J— 



„J 



!l 5 

-* v._ 
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26a 
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(72) m mm 02) mm &m 

(72)*«# -ft (72)«9!«' 5ft IE* 

JOSC» = RtBE*©rt2TB 6#1# * iCWHfcHKAOrt 2TB 6#1 * * 

F^— 5D012 AA02 BA03 BB03 CA02 CA18 

5D016 AA04 AA13 EC01 



